Low mass dilepton production at
RHIC energies

K. Ozawa for the PHENIX collaboration




Missing information at RHIC

- Contents of my talk

e Chiral symmetry restoration
— Low mass vector mesons

 Thermal radiation
— Dilepton continuum

0> CERES/NAA45 Pb-Au 158 A GeV |

dm> / <dN_> (100 MeV/c?y!

CERES shows enhanced dilepton spectrum

At RHIC,
p — 1Tt at STAR (Phys. Rev. Lett. 92, 092301)
¢— K*K-at PHENIX (nucl-ex/0410012)

STAR (nucl-ex/0406003)

Dilepton spectrum is needed.
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measurements. T 02 04 06 08 I 12 14 16

=dN

] 02 0.4 0.6 0.8 1 1.2 1.4 I.f}‘
m,, (GeV/ic™)
o e Current results are shown in this talk.
I?.'-'I___..' 2

et Hard Probes 2004, Ericeira, 11/09/2004, K. Ozawa for the PHENIX




PHENIX experiment
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Invariant mass spectrum of ete- in PHENIX i
PHENIX can measure electrons in central region

and muons in forward region.
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Electron measurement in PHENI

 PHENIX achieved good electron
measurements.

— Single electron measurements
show charm production yield. o

» Electron identification is done by
RICH and Energy-Momentum

matching 10" -Apply RICH cut |

charged tracks |

s ¥  Real

p ammet| Y0 = =

I L e ';-1 -E-I.

o — !-11:1—4:',1-'""';”}»,,@’##1'*;.”. . JL/ Net signal
Acceptance Y, _ 107 W : %;H

ly| < 0.35 | -. i / | +.9{

{ I
i SR e
pT > 02 GeV/C -"1- . § :' 10 E_ BaCkground : ﬂl‘lﬁ-‘fﬁﬁﬁ[

Ll Lol IS A N
<10 8 6 4 2 0 2 4 & B8 10

Energy-Momentum

e

PH EMIX RICH I’Ing Shape

=T _m"* Hard Probes 2004, Ericeira, 11/09/2004, K. Ozawa for the PHENIX




Dileptons in Hadronic matter

R. Rapp (Nucl. Phys A661(199

 Measurements of vector
mesons as a signal of chiral
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 Lepton decays become good . VAN
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— Not interacting “strongly. After

— However, we can see
integrated information from all
stages of collisions.

 QGP, Mixed, Hadron gas

e QOther baseline measurements
are important.
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Observables In vector meson

measurements
* Line shape 080 P T
— Direct measurements 2 ;
* Yield _-»..z_-:_-__-.:_.%..______;t-__f:.:e |
— Qvalue of @ - KKis small PR L - Sy S, =
BR(¢ - eg) S 0975 |- :
BR«O - KK) £ 0.950 jrjae“w
— Should be sensitive to mass o |
changes in either @or K o e
Lissauer and Shuryak, Phys. Lett. B253, 15 (1991). og0p Leav ol I
0 0.5 I 1.5 2
e pT sl_ope /Py
— legelrentce léetween hadron decays T Hatsuda and S.Lee
and lepton decays _ (Phys.Rev.C46-R34-38, 1992)
— It could show the difference of
collision stage.
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Experimental techniques

Compare with other baseline measurements
d-A or p-p results
Extract expected signals without any
“hot” nuclear matter effects.
Hadron decays
¢ - K'K,p - 11T
Information from other collision stage.
Centrality dependence
Another baseline measurements in
peripheral collisions.
By dependence
Slowly moving mesons have more effects.

Line Shapes

Yield
pT slope
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Measurements of @in AuAu
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Signal =101+ 47 (stat)> (sys)

Too large error to discuss line shape and
yield

Luminosity fiby’

Need more statistics
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RHIC Delivered An-An Luminosity
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In Run4, 20 times larger luminosity is
accumulated.
2 times larger pair acceptance
less background due to absence
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Baseline @ - KK in AuAu
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Line shape in ¢ - KK

Consistent with
PDG values
within the
statistical and
systematic
errors.

No significant
change
between
centrality bins.

Measured ¢
mesons are
produced in the
last stage of
collision and/or
in the surface of
the matter.
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Another baseline - dAu

d — Au collisions at v s, = 200 GeV
wr—————————— 71— ,
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dN/dy in dAu

: 0.1
e dN/dy Is compared oost AN/dy
between ee and KK, : -
KK channel 007>
dN/dy = 0.0468 +/- 0.0092(stat) %\ B
(+0.0095,-0.0092) (syst.) 3 0.06F |
ee channel % 0.05F
dN/dy=.056+.015(stat) £50%(syst) 0.0 45_
0.03F KK L
No significant difference between ee and KK =
within statistical and systematic errors. UL TN
0.01  preliminary
n: ] ] ] 1 | ] ] ] ] | ]
g, 12
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No difference in mT slope (dAu)
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Line shape in dAu

Spectrum is fitted with
relativistic B-W and
Gaussian

- Width of B-W is
fixed (IF'=4.46 MeV)

Results

- M=1.0177 = 0.0023
GeV

Oexp=8.1 £ 2.1 MeV

e Consistent with
expected
resolution
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If the resolution of ee and KK is taken into account, they are consistent with PDG value.

No significant difference between ee and KK in dN/dy, mT slope, and line shape.
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Thermal radiation

 Thermal radiation by the system
via quark anti-quark annihilation
carry direct information from the
matter.
— Matter is formed
— Deconfinement

— Thermalize

 Experimentally, combinatorial
background is very large and
must be subtracted properly.

» Large physics background
comes from charm.
— Charm production is measured
with ~15% accuracy by single
electron measurements.
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A prediction
142
Central An+Au s =200AGeV
S L R 0 P R N e I R
- i <N =800 o Cocktail ]
> i ~- Thermal {eq)
o — Themmal {off) 3
h — Drell-Yan -
%Um-ﬁ —— Open Charm
.
gmj
gk g T R T S
0 0.5 1 1.5 2 20
M_ [GeV]

R. Rapp, nucl-ex 0204003

15




Thermal Radiation - electron

Invariant Mass of electron pair (GeV/c?)

Real and Mixed e*e- Distribution Real - Mixed with systematic errors
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« Combinatorial background is determined with ~1%
accuracy in Run3 and Run2 using a mixed event method.

e Analysis of Run4 data is underway.
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Muon pairs in intermediate region

« PHENIX can measure muon Au-Au collisions
pairs in forward rapidity region.

D = : ; 5= 318.3+4- 324

-22<y<-1.2
North :
1l2<y<24
P>2GeV/c
0<p<2mn

1 3 m: D amz(t!-ie‘ufi6
— Invariant Mass of Muon pair (GeV/c2) —

_ Clear J/y peak is already obtained.
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Another ability
Photon measurement - conversion

« Measurements using EM ?’“é_ bz
Calorimeter are already done “1 |y« Conversion
and reported by K. Reygers In o)
this conference. “ﬂwwwwu]]

« Amount of photons also can be e T
measured by conversion pairs. Apply cut_JJIL (Gevic?]
— Pairs from Dalitz decays are o

background. T
« Conversion pairs can be selected i p .—Conversion
by opening angle cuts ! |
* Projection of opening angle to x-y " |
plane is different between Dalitz o H_# i [
pairs and conversion pairs. N NS TR TP e

Inv. Mass of e*e" [GeVi/c?]
1 M. T. Dahms(PHENIX) in DNE I
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Near Future Upgrade

y =(€)e-
T - ye

* For detailed study of dileptons

In low mass region, suppression r « combinatorial 0airs
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Hadron Blind Detector (HBD)

Dalitz rejection via opening angle
Field-free region to maintain opening angle
HBD for electron ID

HBD concept:
windowless Cherenkov detector
CF4 as radiator (50cm) and detector gas
Triple GEM with pad readout
Csl reflective photocathode

) q” wd'\ o o R&D at Weizmann institute
z ;.jl TN '.;F-_'_-'?'”ITT_-? Prototype construction is underway
Ay Py g . Wi It will be installed in time of Run6
"o | h 20
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Summary and Outlook

 [nformation of chiral symmetry restoration and thermal
radiation at RHIC energy Is not yet available.

 Baseline measurements, such as ¢ - KK and
measurements in dAu collisions, are done

 First results on low-mass dileptons from Run-4 Au+Au
(2004) and Run-5 Cu+Cu (2005) are expected in the near
future.

 For Run6, the Hadron Blind Detector will be installed to the
PHENIX spectrometer, which will dramatically reduce
combinatorial background.

HHHHHH
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PHENIX Acceptance
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centrality dependence: Yield

o * = = B + 1T T 71 T T 71 T T T T T
B 045E 4, K'K @Ysp = 200 GeV gl 2 oosf ¢ KK @Ysy=200Gev | Z| 2> 0.05} | |
: t 4 — - -
% papwd- "‘;:‘ ?E'_"trﬂl]iltll' selected za L& d - Au Centrality selected ' o Min. bias ]
- relirmriary. . - i [Preliminary} L . ]
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; Syst error antsh Syst error I 4, } ]
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= dN/dy increases with centrality and from d-Au to Au-Au system.

= dN/dy per participant pair is flat for d-Au system within errors, but
increases from d-Au to Au — Au system.

Hard Probes 2004, Ericeira, 25

11/09/2004, K. Ozawa for the
PHENIY



